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(54) Improvements in or relating to display systems 



(57) A pulse driven two lamp (40,50) single light 
valve (62) imaging display system (10). The first lamp 
(40) is used to generate red light and the second lamp 
(50) is used to generate blue and green light A beam 
splitter (46) combines the white light of the two light 
sources, and directs the light to a color wheel (26). The 
first red lamp (40) is driven at a peak power being 3X 



the average power rating of the lamp for 1/3 of a video 
frame. The second blue-green lamp (50) is pulse driven 
at a peak power being 1 50% its average power rating for 
2/3 of a video frame. The present invention achieved 
improved color balance and increased intensity, and is a 
simple and cost effective architecture. 
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Description 

FIELD OF THE INVENTION 

The present invention generally relates to projec- s 
tion display systems, and more particularly to a display 
system having a single light valve and multiple lamps 
achieving improved color balance and brightness. 

BACKGROUND OF THE INVENTION 

spatial Light Modulators (SLMs) or light valves are 
widely used in the industry for video monitors, graphic 
displays, projectors, and hard copy printers. SLMs and 
light valves are devices that modulate incident light in a 
spatial pattern corresponding to an electrical or optical 
input. The incident light may be modulated in its phase, 
intensity, polarization, or direction. The light image is 
directed and focused to a screen in the case of a projec- 
tor, video monitor or display, or is ultimately focused on 
a light sensitive material, such as a photoreceptor drum, 
in the case of a xerographic printer. 

The light modulation may be achieved by a variety 
of materials exhibiting various electro-optic or magneto- 
optic effects, and by materials that modulate light by 
surface deformation. Other spatial light modulators may 
include tiny micro-mechanical devices comprising an 
array of posrtionable picture elements (pixels). The light 
image can be colored if it is to be displayed on a screen 
of a projector, monitor, or a television and the like. This 
coloring is typically done in one of two ways, either 
using non-sequential color systems, or using sequential 
color systems. A non-sequential color system simulta- 
neously images multiple colours of light, such as red, 
green and blue light. An example of a non-sequential 
color system is discussed in commonly assigned U.S. 
Patent 5,452,024 to Sampsell, entitled "DMD Display 
System". In sequential color systems, color images are 
generated by sequentially projecting imaged coloured 
light, (i.e. red, green and blue light), in a single image 
frame, which typically lasts 1/60 of a second. Sequential 
color systems typically utilize a color wheel that is parti- 
tioned into a plurality of color of segments (such as a 
red, green and blue segment) or multiples/combinations 
thereof. An example of a sequential color system is dis- 
closed in commonly assigned U.S. Patent 5,448,314 to 
Heimbuch, et al entitled "Method and Apparatus for 
Sequential Colour Imaging". 

A recent innovation of Texas Instruments Inc. of 
Dallas. Texas is an SLM imaging system using an array 
of individual micro-mechanical elements, known as a 
digital micromirror device (DMD), also referred to as a 
defor triable mirror device. The DMD is a spatial light 
modulator suitable for use in displays, projectors and 
hard copy printers. The DMD is a monolithic single-chip 
integrated circuit, comprising a high density array of, for 
example, 17 micron square deflectable micromirrors. 
These mirrors are fabricated oyer address circuitry 



including an array of SRAM cells and address elec- 
trodes. Each mirror forms one pixel of the DMD array 
and is bi-stable, that is to say, stable in one of two posi- 
tions. A source of light directed upon the mirror array will 
be reflected in one of two directions by each mirror. In 
one stable "ON" mirror position, incident light to that mir- 
ror will.be reflected to a collector lens and focused onto 
a display screen or a photosensitive element of a 
printer, and forms an image of the mirror/pixel. In the 
other "OFF" mirror position, light directed onto the mir- 
ror will be deflected to a light absorber. Each mirror of 
the array is individually controlled to either direct inci- 
dent light into the collector lens, or to the light absorber. 
In the case of a display, a projector lens and a light 
prism ultimately focus and magnify the modulated 
image from the pixel mirrors onto a display screen and 
produce a viewable image. If each pixel mirror of the 
DMD array is in the "ON" position, the displayed image 
will be an array of bright pixels. 

For a more detailed discussion of the DMD device, 
cross reference is made to U.S. Patent 5,061,049 to 
Hornbeck, entitled "Spatial Light Modulator and 
Method", U.s; Patent 5,079.544 to DeMond, et al, enti- 
tled "Standard Independent Digitized Video System", 
and U.S. Patent 5,105,369 to Nelson, entitled "Printing 
System Exposure Module Alignment Method and Appa- 
ratus of Manufacture", each patent being assigned to 
the same assignee of the present invention. Gray scale 
of the pixels forming the image can be achieved by 
pulse width modulation techniques of the mirrors, such 
as that described in U.S.Patent 5,278,652 entitled 
"DMD Architecture and Timing for Use in a Pulse-Width 
Modulated Display System", assigned to the same 
assignee of the present invention. 

In non-sequential color systems, three (3) DMD 
arrays can be used to form an image plane, one DMD 
for modulating red, green and blue light, as disclosed in 
the commonly assigned U.S. Patent 5,452,024 to 
Sampsell, titled "DMD Display System". In contrast, a 
sequential color system requires only one such DMD 
device, with the red, green, and blue light being sequen- 
tially modulated and reflected by the single DMD array 
onto an image plane. The non-sequential colour system 
needs three DMD arrays, and attendant hardware when 
compared with the sequential color system, but offers 
increased display brightness. Thus, there is a trade-off 
between the complexity, cost and performance of a non- 
sequential color system when compared against a sin- 
gle DMD sequential color system. 

In the case of a sequential color system, a single 
light source is typically used, such as disclosed in U.S. 
Patent 5,101 ,236 to Nelson, et al, entitled "Light Energy 
Control System and Method of Operation", assigned to 
the same assigned as the present invention. The lamp 
may typically be comprised of a xenon or metal halide 
arc lamp, or a laser. This arc lamp may be powered by 
an AC or DC power source. 

Multiple light sources can also be implemented in a 
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sequential color system Using a single light valve, as 
disclosed in U.S. Patent 5,428,408. This system 
includes three projection lamps, one for each of the pri- 
mary colors, which are sequentially activated. Three 
occluders are utilized, one blocking or unblocking the 5 
light output from the associated lamp. The light output 
from the associated lamp that ultimately illuminates the 
light valve is controlled by the pulse driven occluders. 

Conventional arc lamps, which may consist of 
xenon or metal halide arc lamps, are typically deficient 10 
in intensity in some portion of the color spectrum. That 
is, for a given power input, the associated light output 
levels of red. blue, and green light are unbalanced. A 
typical lamp is most deficient in red light, and most suf- 
ficient in green light. One solution is to address color 75 
balance disclosed in the commonly assigned U.S. Pat- 
ent application Serial No. 08/414,707 entitled "Spatial 
Light Image Display System with Synchronized and 
Modulated Light Source", where each of three lights can 
be individually driven and amplitude modulated to 20 
achieve color balance. 

It is desired to provide a sequential color imaging 
system utilizing a single light valve or spatial light mod- 
ulator, and only two lamps to provide a cost efficient col- 
our balanced and bright system. It is further desired to 25 
implement conventional arc lamps that require opera- 
tion at a rated power level in order to provide optimal 
power dissipation. 

SUMMARY OF THE INVENTION 30 

The present invention achieves technical advan- 
tages as a two lamp single light valve imaging system. 
One lamp is utilized for generating red light, and a sec- 
ond lamp is utilized for generating both blue and green 35 
light. The first lamp is driven at 3X it rated power rating 
for 1/3 of a video frame, thus being driven at its average 
power rating over 1 video frame. The second lamp is 
pulse driven at 150% of its rated power rating for 2/3 of 
a video frame, thus also being driven at its average 40 
power rating over 1 video frame. 

The display system of a preferred embodiment of 
the present invention comprises a light valve for modu- 
lating a light beam impinging thereon as a function of an 
incoming video signal representing a series of video 45 
frames. First and second lamps generate a first light 
source and a second light source, respectively. Optics 
direct the first light source and the second light source 
to the light valve to form the light beam. A light coloring 
device colors the first light source a first color, and also so 
alternately colors the second light source a second 
color and a third color. A lamp driver circuit pulse drives 
the first lamp when the color device colors the first light 
source the first color, the lamp driver circuit also pulse 
drives the second lamp when the color device alter- ss 
nately colors the second light source the second color 
and the third color. The first and second lamps are pulse 
driven at a peak power level higher than average power 



rating of the respective lamp, but the lamps operate at a 
rated power level over each video frame to last an 
acceptable life span. In addition, pulse driving these 
lamps above their power ratings achieves greater light 
output for the respective color, thereby achieving a 
brighter image as formed by the light valve. The first 
color is preferably red which is the most deficient color, 
and the second and third colors being blue and green, 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described 
by way of example, with reference to the accompanying 
drawings in which: 

Figure 1 is a block diagram of a sequential color 
imaging system including control circuitry for pulse 
driving two light sources, one source used for pro- 
viding red light and the other source for providing 
blue and green light; 

Figure 2 is a waveform diagram illustrating the syn- 
chronization of the lamp driving waveforms, and 
also the peak amplitude of the driving waveforms 
which drive the associated lamps at a peak power 
substantially greater than the average power rating 
of the lamps; 

Figure 3 is a graph of a spectrum for a red-deficient 
lamp; 

Figure 4 is a graph of a red, green and blue color 
gamut produced by conventional DC driven lamps; 
Figure 5 is a graph of the color filters produced by a 
pulsed red lamp according to the present invention; 
and 

Figure 6 is a graph of the color gamut produced by 
the present invention using a pulsed red lamp. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

While a preferred imaging system is described in 
considerable detail with regards to a DMD-type spatial 
light modulator for purposes of illustration and clarity, 
limitation to using this specific type of light valve is not to 
be inferred as the illustrative embodiments are applica- 
ble to other light valve imaging systems including, but 
not limited to, LCD imaging systems. 

Referring now to Figure 1, a block diagram of a 
sequential color imaging system according to a pre- 
ferred embodiment of the present invention is generally 
shown at 10. Imaging system 10 is seen to include a 
pulse driven lamp controller and power supply 12 hav- 
ing two pulsed drive outputs 14 and 16. The lamp con- 
troller and power supply 12 provides lamp drive signals 
on outputs 14 and 16 as a function of a timing signal 
provided on input line 18. A video data formatter 20 pro- 
vides the timing signal on line 18, which timing signal is 
synchronized to a wheel position signal provided, or 
received in the alternative, by video data formatter 20 on 
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outline 22. The timing signal provided on line 18 is syn- 
crhonized with the position of the colored segments 24 
of a color wheel 26, having for example red, green and 
blue color segments. More particularly, a signal such as 
the leading edge of a pulse or other equivalent signal, is 
generated by video data formatter as the red color seg- 
ment 24 is positioned to color the incident generated 
light Video data formatter 20 controls a DC stepper 
motor 30 to precisely rotate color wheel 26 at 60 rota- 
tions per second, which corresponds to the 60 frames 
per second of video data provided on input line 32. In 
the alternative, an optical sensor can be provided if 
desired to sense a marker on the wheel 26 proximate 
the red segment to further ascertain when the red seg- 
ment 24 is being illuminated. 

A first projection arc lamp 40 is seen to be pulse 
driven by the pulsed drive output 14 provided by the 
pulsed power supply 1 2. The first lamp 40 is used to ulti- 
mately generate red light. More specifically, lamp 40 
generates white light towards a dichroic filter or beam 
splitter 46. This beam splitter reflects the red compo- 
nent of the incident light towards a first condenser lens 
46, and passes the blue and green components of the 
white light. Lamp 40 is pulse driven only when the red 
segment 24 of color wheel 26 is being illuminated. 

Still referring to Figure 1. a second projection arc 
lamp 50 is provided for ultimately generating blue and 
green light. Lamp 50 is pulse driven by the pulsed drive 
output 16. Lamp 50 generates and directs white light to 
beam splitter 46, whereby the green and blue compo- 
nents of the incident light is transmitted therethrough, 
with the red component of the light being reflected away 
from lens 48. Lamp 50 is driven by pulsed power supply 
12 and generates light only when the blue and green 
segments 24 of color wheel 26 are advanced to color 
the incident light focused thereon by optics lens 48. 

The multiple color segments 24 provided on wheel 
26 are typically red. blue and green. In some applica- 
tions, two color segments of each color are provided, for 
a total of six color segments. In yet another alternative 
application, color segments of different colors can be 
utilized, such as clear, yellow and blue or yellow, yellow 
and blue if desired. The advantage of using these 
colored segments for a color wheel is that the coatings 
are easier to manufacture and therefore are cheaper. 
When the red lamp 40 is pulsed on by power supply 12, 
either a clear segment or a yellow segment of the color 
wheel 25 is used to transmit red light When the blue- 
green lamp 50 is pulsed on by power supply 12, the blue 
segment of the color wheel 26 is used to transmit red 
light When the blue-green lamp 50 is pulsed on by 
power supply 12, the blue segment of the color wheel 
26 is used to transmit blue light and the yellow segment 
to transmit green light. Thus, the red-green-blue color 
can be replaced by a clear-yellow-blue, or a yellow-yel- 
low-blue color wheel. If three color segments are pro- 
vided, each segment is illuminated 1/1 80 th of a second, 
or once each video frame. If six colored segments are 



utiized, each segment is illuminated 1,360th of a sec- 
ond, again, each color segment being illuminated one 
time each video frame. 

The colored light 52 generated by color wheel 26 is 

5 seen to be transmitted to a second condenser lens 54 
and focused upon a light reflector 56. The colored light 
52 is preferably directed by reflector 56 to a total internal 
reflection (TIR) prism 60. Prism 60 reflects the colored 
light to a light valve 62, such as a DMD, an LCD or other 

10 suitable light valve, for imaging. It is noted that use of 
reflector 56 and prism 60 is not necessary, but is 
desired to achieve compactness of the system. The light 
valve 62 separately images the sequence of colored 
light according to a video data signal on line 64 is color 

75 frame data coordinated with the position of the color 
wheel 26. When light valve 62 is illuminated with a given 
color, to produce a color subf ield, the video data signal 
on line 64 corresponds to the color of light being modu- 
lated by valve 62. This imaged light is reflected back to 

20 the TIR prism 60, prism 60 directing the imaged light to 
a projection lens 66 and ultimately focusing light at an 
image plane, such as a display screen 68. The eye 
fuses the three sequential color subfields generated by 
valve 62 into full motion, full color video. 

25 Referring to Figure 2, the first or red lamp 40 is 
driven by a pulsed drive signal seen as waveforms 80. 
The second lamp 50, or blue-green lamp, is driven by a 
pulsed signal seen as waveform 82. Waveform 80 and 
82 are each timed from the timing signal 86 generated 

30 on line 18. The red lamp is driven such that the peak 
power level of waveform 80 is 3X the average peak 
power rating of the associated lamp 40 for 1/3 of a video 
frame, i.e. 1/180th of a second. Thus, for one video 
frame the lamp 40 is driven at its average power rating. 

35 Similarly, the blue-green lamp 50 is pulse driven by 
waveform 82 at a peak power level that is 150% of the 
average power rating of the associated arc lamp, 50 for 
2/3 of a video frame, i.e. 1/90th of a second. Thus, the 
second lamp 50 is also driven at its average power rat- 

40 ing for one video frame. 

By driving both lamps in this manner, several signif- 
icant advantages are achieved. First, the associated 
lamps provide a significantly increased lamp output that 
is higher than the average power rating of the lamp, pro- 

45 viding increased brightness of light ultimately imaged by 
the light valve 62 and visually observed at image plane 
68. That is, imaged red light is generated to be 3X the 
brightness of that obtainable if only a single lamp was 
utilized and driven 100% of the time at its average 

so power rating. A 150% increase of the imaged blue light 
and green light is achieved by driving the second lamp 
at a peak power, that is 50% higher than its average rat- 
ing for 2/3 of a video frame. Since the two lamps, which 
are preferably identical, are typical deficient in the red 

55 spectrum, the brightness of the red light now available 
for imaging is 3X brighter while only using two lamps. 

The improvements in color produced by enhancing 
the red portion of the spectrum according to the teach- 
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ing disclosed herein can be seen from Figure 3, Figure 
4, Figure 5 and Figure 6. The spectrum for a red-defi- 
cient lamp is shown in Figure 3. By passing the lamp 
spectrum of a DC driven lamp through the color filters 
shown the produced red, green and blue color gamut is 
shown by the design colors in Figure 4. The resulting 
projected colors are reasonably well saturated, but the 
design white point has a very high color temperature of 
12,429 K. 

In contrast according to embodiments of the 
present invention, by increasing the intensity of red light 
by pulsing the lamp 40, the amplitude of the light pass- 
ing through the red segment is doubled with respect to 
the amplitude of the light passing through each of the 
green and blue segments as shown in Figure 5. This 
effect is represented in Figure 5 as a red filter with 
increased transmission with respect to green and blue. 
The result is that the color gamut is the same as shown 
by the design colors in Figure 6. However, the color tem- 
perature drops to a more reasonable 9,182 K. 

Each of the projection lamps 40 and 50 is preferably 
driven at a consistent power level (i.e. their rated power 
level) and will thus have a sufficient life span. The illus- 
trated embodiments provide improved image brightness 
and color balance as compared to a single light source 
system, and utilizes a single light valve. The architec- 
ture is simple and less costly than a system utilizing 
three light sources. 

While preferred embodiments of the present inven- 
tion have been detailed utilizing a color wheel, other 
color filtering systems could be utilized as well to color 
the light, such as liquid crystal devices (LCD) or even 
DMDs, and thus limitation to using a color wheel is not 
to be inferred as other coloring systems are suitable. 
Broadly, the disclosed embodiments of the invention are 
intended to include a two lamp illumination system syn- 
chronized with a color filter and a single light valve for 
improved color balance and brightness. 

Though the invention has been described with 
respect to a specific preferred embodiment, many varia- 
tions and modifications will become apparent to those 
skilled in the art upon reading the present application. 

Claims 

1 . A display system, comprising: 

a light valve for modulating a light beam 
impinging thereon as a function of a video sig- 
nal representing a series of video frames; 
a first lamp and a second lamp for generating a 
first light source and a second light source, 
respectively; 

optics for directing said first light source and 
said second light source to said light valve to 
form said light beam; 

color means for coloring said first light source a 
first color and for alternately coloring said sec- 



ond light source a second color and a third 
color; and 

a lamp driver circuit for driving said first lamp 
when said color means colors said first light 
5 source said first color, for driving said second 

lamp when said color means alternately colors 
said second light source said second color and 
said third color. 

10 2. The display system as claimed in Claim 1 , wherein 
said first lamp and said second lamp are pulse 
driven by a lamp driver circuit at a peak power level 
higher than an average power rating of the respec- 
tive lamp. 

15 

3. The display system as claimed in Claim 1 or Claim 
2, wherein said first color is red, and said second 
color and said third color are blue and green, 
respectively. 

20 

4. The display system as claimed in any preceding 
Claim, wherein said first lamp is driven for approxi- 
mately one-third the time for each said video frame, 
and said second lamp is driven for approximately 

25 two-thirds the time for each said video frame. 

5. The display system as claimed in any preceding 
Claim, wherein said first lamp is driven at a peak 
power level approximately three times the average 

30 power rating of said first lamp. 

6. The display system as claimed in any preceding 
Claim, wherein said second lamp is driven at a 
peak power level approximately one and one-half 

35 the average power rating of said second lamp. 

7. The display system as claimed in any preceding 
Claim, wherein said first lamp and said second 
lamp comprise an arc lamp. 

40 

8. A method of operating a display system as a func- 
tion of a video signal representing a series of video 
frames, comprising the steps of: 

45 driving a first lamp a first fraction of each said 

video frame to generate a first light source, and 
driving a second lamp a second fraction of 
each said video frame to generate a second 
light source; 

so coloring said first light source a first color, and 

alternately coloring said second light source a 
second color and a third color; 
directing said colored first light source and said 
colored second light source to a light valve; and 

55 modulating said colored first light source and 

said second light source with said light valve to 
form an image. 
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9. The method as claimed in Claim 8, further compris- 
ing the step of; 

pulse driving said first light source and said 
second light source at a peak power higher s 
than an average power rating of the respective 
lamp. 

w 
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